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Methodological Details
Ensemble Averaged Variational Transition State Theory. As mentioned in the text deviations from classical Transition State Theory (TST) as a result of quantum tunneling effects can be estimated by means of Ensemble-Averaged Variational Transition State Theory (EA-VTST). [1] [2] [3] In this approach, the theoretical estimation of the rate constant can be written as in equation (1) that correlates with motion along the reaction coordinate, calculated as:
where W vib (T,ξ*) corrects W CM (T, ξ*) to account for quantized vibrations orthogonal to the reaction coordinate along which the PMF is defined, ξ, at the maximum of the PMF, ξ*; W vib,R (T) corrects W CM (T, ξ R ) for quantized vibrations at the reactant side minimum of the PMF, ξ R , and is a correction for the vibrational free energy of the reactant mode that correlates with motion along the reaction coordinate. 1 To correct the classical mechanical PMF, W CM , normal mode analyses were performed for the quantum region atoms. To perform these calculations, in addition to the PMFs obtained as described above, we localized 10 TS structures starting from different configurations of the corresponding simulation windows in the heavy and light enzymes. After tracing the minimum energy path, we optimized 10 reactant structures and obtained the Hessian matrix for all the stationary structures. The final quantum mechanical corrections to the quasiclassical activation free energy at the simulated temperatures (Table S3) were obtained as an average over these structures.
S3
Calculation of the tunneling transmission coefficient. The tunneling transmission coefficients, κ(T), were calculated with the small-curvature tunneling (SCT) approximation, which includes reaction-path curvature appropriate for enzymatic hydride transfers and, in particular, for DHFR. [4] [5] [6] The final tunneling contribution (see main text) is obtained as the average over the reaction paths of 10 TS structures.
Calculation of the recrossing transmission coefficient. Grote-Hynes (GH) theory can be applied to describe the evolution of the system along the reaction coordinate at the TS. In particular, the recrossing transmission coefficient, (T,ξ), can be obtained as the ratio between the reactive frequency and the equilibrium barrier frequency 7 :
with the equilibrium frequency derived from a parabolic fit of the PMF around the maximum and the reactive frequency  r is obtained via the GH equation [8] [9] :
is the friction kernel obtained at the TS, assuming that recrossings take place in the proximity of this dynamic bottleneck [9] [10] :
where F RC (t) is the force on the reaction coordinate and  RC the associated reduced mass. For the evaluation of the TS friction kernel, we ran 50 ps of constrained MD simulations at the top of the PMF. The simulations were carried out at 273, 278, 283, 288, 293, 298, 303, 308, 313, 318, 328 and 338 K. A small time step of 0.05 fs was used to ensure the convergence of the algorithm and forces acting on the reaction coordinate were saved at each simulation step.
GH theory has been demonstrated to provide transmission coefficient in very good agreement with those obtained from activated trajectories initiated at the TS ensemble for the methyl transfer reaction catalyzed by cathechol O-methyltransferase 11 and for the hydride transfer S4 step of formate dehydrogenase. 12 In the case of EcDHFR (Table S1 ) estimations obtained using the GH equation provides transmission coefficients also close to that previously reported based in trajectory analysis. 13 Thus, the recrossing transmission coefficients, , were calculated using eq. S3 for the light and heavy versions of the TmDHFR enzyme prepared as described below. The values obtained at the different temperatures are presented in Table S2 .
The transmission coefficients of the two versions were found to be statistically different. Cross-correlation matrixes obtained from 50 ns MD simulations at 298 K for: a) the monomer of TmDHFR, b) the full dimer of TmDHFR. Time evolution of the  and  dihedral angles of residue 16 in the monomeric (blue) and dimeric form (red) of TmDHFR.
